Background The aim of the study was to measure the effect of colder winters compared to warmer winters on hospital admission rates in Suffolk County.
Introduction
Weather, including variations in temperature, is an important environmental factor affecting human health. Seasonal variations in temperature are well-known to be correlated with health outcomes, including incidence of various diseases and mortality from such causes as cardiovascular diseases, respiratory diseases and accidents. 1, 2 Epidemiological research into effects of weather and temperature on health has focused mainly on effects on mortality. 3 Studies of effects of high temperatures and heat waves have been more frequent than studies of cold-weather effects. Where cold-weather effects have been studied, research has been wide-ranging, focusing on countries or groups of cities. [4] [5] [6] [7] Much research has involved development of statistical models to investigate short-term temporal effects, including time lags between temperature extremes and health outcomes, and harvesting. 6, 8, 9 Local studies of effects of ambient temperatures on hospital activity are less common, particularly the effect of cold temperatures. 10 Generally, these studies have investigated associations between temperature and cause-specific hospital admissions, including admissions for cardiovascular diseases and respiratory diseases. Some of these studies are complex and, for cardiovascular diseases, they have produced varying results. 9, [11] [12] [13] Studies in the UK have identified winter excesses in hospital admissions for respiratory diseases, a cause of hospital admission for which evidence of the harmful effect of cold weather is more clear-cut. [14] [15] [16] UK studies have also identified winter excesses in hospital admissions for asthma, falls, certain types of road accidents, atrial fibrillation, heart failure, pulmonary embolism, stroke and intensive care. [17] [18] [19] [20] [21] [22] [23] [24] Stephen Patterson, Epidemiologist Also, influenza epidemics, and high levels of hospital admissions for this cause, typically occur in winter. 25, 26 A study analysing daily numbers of emergency admissions in a 15-year period in England reported a 0.78% increase (95% confidence interval (CI): 0.53%, 1.04%) in emergency admissions for every 1°C drop in temperature below identified cold-weather thresholds. 27 Recently, the NHS has come under strain as demand for in-patient care has increased and many hospitals are struggling to cope. 28 Hence, any predictor of increased demand for in-patient care would be welcomed by NHS clinicians, managers and policy makers. This paper describes a countywide study to investigate the association between variations in winter temperature and hospital admission rates for all causes over a 10-year period. More specifically, the study investigates the association between variations in temperatures in colder and warmer winters and rates of all admissions and emergency admissions in all persons and the elderly. The study was originally commissioned in the Public Health Department of Suffolk County Council in 2014 to provide data to inform the Warm Homes, Healthy People initiative in Suffolk. 29 
Methods
This section describes the setting of the study, calculation of annual and monthly hospital admission rates and mean temperatures in Suffolk and statistical analysis in the study.
Setting
The setting of this study is Suffolk County. Suffolk is a largely rural county in eastern England. In 2013, the estimated population of Suffolk was 734 466 persons of all ages. Three main acute hospitals in Ipswich and Bury St. Edmunds and in Great Yarmouth in the neighbouring county of Norfolk serve the population of Suffolk, and patients from Suffolk are also treated in other regional centres, including hospitals in Cambridge, Colchester and Norwich.
The climate of eastern England, including Suffolk, is generally mild, with moderate rainfall and infrequent extremes of temperature. Mean annual temperatures range between 9°C and 10.5°C. 30 January and February are the coldest months. Mean daily maximum temperatures range from 5°C to 8°C in winter months to [19] [20] [21] [22] .5°C in summer. Average numbers of days of air frost per year range from 30 to 55 days. The warming effect of the sea can delay the start of the frost season at coastal sites. On average, December is the month with least sunshine and July is the sunniest month. Rainfall is generally low, and eastern England is one of the more sheltered, less windy parts of the UK.
Hospital admission rates
Data relating to hospital activity among residents of Suffolk County in financial years 2003/04-2012/13 were downloaded from NHS Digital's Hospital Episode Statistics Data Interrogation System. 31 Annual and monthly hospital admission rates for Suffolk in 2003/04-2012/13, directly standardized for age and sex, were calculated for all admissions and emergency admissions for all causes in males, females and persons of all ages and aged 65 years and over. 32 The directly standardized hospital admission rates were standardized to the 2013 European Standard Population. 33 For the calculation of monthly hospital admission rates, estimates of monthly person-time at risk, by age and sex, were calculated by dividing Office for National Statistics mid-year population estimates for Suffolk in calendar years 2003-13 by the number of days in the year and multiplying by the number of days in each month. The monthly persontime at risk estimates were grouped to the financial years in the study period.
Temperature estimates
Monthly temperature readings for the weather station at Lowestoft in Suffolk were downloaded from the Met Office website. 34 From this data set, temperature readings for the months in the study period were extracted. These temperature readings included maximum and minimum monthly temperatures. Mean monthly temperatures were calculated as: Winter was defined as the period December-March. This is the definition of winter used in the Excess Winter Deaths Atlas. 36 Colder winters in Lowestoft were defined as those winters for which the mean monthly temperature in December-March was <5°C. Other studies have specified <5°C as a threshold for measuring cold-weather effects. 7, 37 Hajat et al. specified a threshold of 4°C for measuring the effect of cold weather on mortality in East of England, and temperatures of 4-5°C are considered to be reasonable thresholds for measuring cold-weather health impacts in the UK. 27 (Personal communication from Dr Hajat).
Statistical analysis
Hospital admission rates were calculated in Microsoft Excel 2010. Further statistical analysis, including calculation of monthly mean temperatures, Pearson correlation coefficients and modelled rate ratios of hospital admission rates in colder and warmer winters, was performed in Stata 13. 38 Statistical significance was measured at the 1% level to allow for multiple testing.
Results
This section describes hospital admission rates in Suffolk during the study period, seasonal patterns in hospital admission rates, mean annual and winter temperatures during the period, correlations of monthly hospital admission rates with monthly temperatures throughout the year and in winter, and the effect of colder winters on hospital admission rates as measured by rate ratios of admission rates in colder winters compared to warmer winters.
Numbers and rates of hospital admissions
In financial years 2003/04-2012/13, there were 1 690 335 hospital admissions for all causes among persons of all ages in Suffolk County, including 676 527 admissions among persons aged 65 years and over.
During this period there were 596 444 emergency admissions for all causes among persons of all ages in Suffolk County, including 274 012 emergency admissions among persons aged 65 years and over. Figure 1 shows annual age-sex standardized hospital admission rates for all causes in residents of Suffolk County in financial years 2003/04-2012/13. Rates are shown for all admissions and emergency admissions in persons of all ages and persons aged 65 years and over.
During the period, annual age-sex standardized hospital admission rates for all causes in Suffolk generally increased:
• All admissions, all ages: by 15.0% between 2003/04 and 2012/13. • All admissions, age 65 years and over: 18.2%.
• Emergency admissions, all ages: 8.6%.
• Emergency admissions, age 65 years and over: 9.9%. Figure 2 shows that, for trends in all admissions in persons of all ages and persons aged 65 years and over, there were slight peaks in mean monthly hospital admission rates in June and November and decreases in August and December. These decreases may relate to reductions in hospital activity during holiday periods.
Between April-November and December-March mean monthly age-sex standardized hospital admission rates for all types of admissions in persons of all ages and persons aged 65 years and over in 2003/04-2012/13 increased by 0.1% and 0.5%, respectively.
There was little variation in monthly emergency admission rates in persons of all ages. In persons aged 65 years and over there was a peak in mean monthly emergency admission rates in December: an increase of 6.7% from November, which may be related to the effect of cold weather.
Between April-November and December-March mean monthly age-sex standardized emergency admission rates in persons of all ages and persons aged 65 years and over in 2003/04-2012/13 increased by 3.5% and 4.8%, respectively. 
Correlations of monthly hospital admission rates with monthly mean temperatures
Monthly hospital admission rates for all causes in Suffolk were correlated with monthly mean temperatures in Lowestoft to measure associations between these variables. All correlations of variables in the data set were examined in scatterplots (graphs not shown).
All correlation coefficients for correlations for all months in the year were negative, indicating that, to a greater or lesser extent, monthly hospital admission rates increased as monthly mean temperatures decreased. For all types of admissions in persons, males and females of all ages and persons, males and females aged 65 years and over, the correlation coefficients ranged between −0.01 and −0.11 but none were statistically significant.
For emergency admissions in persons, males and females of all ages and persons, males and females aged 65 years and over, the correlation coefficients for correlations for all months in the year ranged between −0.29 and −0.46 and all were statistically significant (P < 0.01).
All correlations for winter months (December-March) were negative, indicating that, to a greater or lesser extent, monthly hospital admission rates increased as monthly mean temperatures in winter decreased. For all types of admissions in persons, males and females of all ages the correlation coefficients ranged between −0.01 and −0.10 but none were statistically significant. For all types of admissions in persons, males and females aged 65 years and over, the correlation coefficients ranged between −0.22 and −0.23 but none were statistically significant. Persons of all ages and persons aged 65 years and over.
For emergency admissions in persons, males and females of all ages and persons, males and females aged 65 years and over, the correlation coefficients for winter months ranged between −0.33 and −0.41. All were statistically significant at the 5% level of significance but only the correlation coefficient for emergency admissions in persons aged 65 years and over was significant at the 1% level.
Calculation of rate ratios
The final stage of the analysis involved the calculation in Poisson regression models of rate ratios of age-standardized hospital admission rates in colder winters compared to warmer winters.
Four of the five colder winters occurred in the second half of the analysis period, when hospital admission rates were higher compared to the first half. To control for confounding by higher hospital admission rates in the second half of the analysis period, a term for time period was included in the Poisson regression models. Table 1 shows rate ratios of hospital admission rates for all types of admissions.
Rate ratios for all types of hospital admissions in colder winters compared to warmer winters in persons, males and females of all ages and persons, males and females aged 65 years and over were all 1.02. All rate ratios for all types of admissions in persons, males and females of all ages and persons aged 65 years and over were statistically significant at the 1% level. The rate ratio for all types of admissions in males aged 65 years and over was borderline significant at the 1% level (95% CI: 1.01, 1.04). The rate ratio for all types of admissions in females aged 65 years and over was borderline significant at the 1% level (95% CI: 1.00, 1.04). Table 2 shows rate ratios of hospital admission rates for emergency admissions in colder winters compared to warmer winters.
Rate ratios for emergency admissions in colder winters compared to warmer winters in persons, males and females of all ages ranged from 1.04 to 1.05. In persons, males and females aged 65 years and over, these rate ratios ranged from 1.03 to 1.04. All rate ratios for emergency admissions except emergency admissions in females aged 65 years and over were statistically significant at the 1% level of significance. The rate ratio for emergency admissions in females aged 65 years and over was borderline significant at the 1% level (95% CI: 1.01, 1.06).
Discussion
Main findings of the study In Suffolk County during the period, there were statistically significant negative associations between monthly emergency admission rates and monthly mean temperatures, in all months and in winter months and in both persons of all ages and the elderly. In this analysis the correlations were not strong, but generally emergency admission rates increased as mean temperatures decreased. For all admissions, in persons of all ages and in the elderly, the correlations were weak and non-significant.
Rate ratios for hospital admission rates in colder winters compared to warmer winters were calculated from pooled data, which increased the power of the study compared to the correlations of monthly data. For all admissions, all rate ratios for colder winters compared to warmer winters were significantly raised with effects of 2%. For emergency admissions, all rate ratios for colder winters compared to warmer winters were significantly raised with effects of 3-5%. These effects were consistent across all categories of hospital admission rates. These effects are relatively small but may have importance for public health. 8 
What is already known on this topic
Most local studies of the effects of cold temperatures on hospital activity have investigated associations between temperature and cause-specific hospital admissions, including admissions for cardiovascular diseases and respiratory diseases. It is known that hospital activity increases in cold weather and winter but the association of hospital activity with variations in winter temperatures is less well-known.
What this study adds
This paper has described a county-wide study of the association between hospital admission rates and ambient temperatures in colder and warmer winters. It is believed that a study of this kind has not been published before. Some epidemiological temperature studies have suggested the application of their findings to the development of early warning systems to alert agencies of the onset of cold weather and its negative effects on health. 11, 27, 37 Such systems have been developed in recent years. 39, 40 The findings of this study could contribute to the design of hospital-based early warning systems and cold weather plans that could provide warning of cold winters, say, based on temperature readings in November, and the need to open more wards and beds and increase and strengthen primary and community care facilities.
Limitations of this study
In this study, the source of the temperature readings was Lowestoft weather station, which is situated in the northeast corner of Suffolk on the North Sea coast. This was the only weather station in Suffolk for which historic temperature data were available on the Met Office website. The use of the temperature data from Lowestoft is possibly a source of measurement error and bias in the study design. It is arguable that temperature readings from an inland weather station in central Suffolk, near Ipswich or Stowmarket, for example, would have been more representative of mean temperatures in Suffolk as a whole. Perhaps, in this analysis, more representative temperature readings for Suffolk would have produced stronger correlations and higher rate ratios for hospital admission rates in colder winters compared to warmer winters.
It is possible that air pollution may confound or modify the effect of ambient temperature on hospital admission rates in Suffolk. 41 However, the effect of air pollution in Suffolk is unlikely to be substantial. Data for all seven local authority districts in the county produced for the Annual Report of the Director of Public Health for NHS Suffolk in 2010 showed that air pollution only affected the more urbanized districts of Ipswich and St. Edmundsbury to any extent. 42 This would be a subject for further research at the local level. Also, confounding by influenza epidemics could be estimated. 37 Finally, this study has focused on hospital activity in winter, as defined by the months December-March. Recent research has shown that this may be a limited approach and that a large proportion of cold-related health impacts in the UK occur outside this period. 43 
Conclusion
This paper has described a county-wide study of the association between hospital admission rates and ambient temperatures in colder and warmer winters. It is believed that a study of this kind has not been published before. The main finding of the study is that rate ratios for hospital admission rates were raised by 2-5% in colder winters compared to warmer winters. In each of the categories of hospital admissions studied this effect was statistically significant, and the measures of effect were consistent across all categories of hospital admissions studied. The findings of this study could be useful in winter planning of local health services, including early warning systems and cold weather plans for hospital services and primary and community care. Further research in this area could focus on differentials in cause-specific or specialty-specific hospital admission rates in colder and warmer winters, seasonal variations in hospital admission rates throughout the year, quantification of the effect of colder and warmer winters in terms of numbers of hospital admissions, and the effects of air pollution and influenza epidemics on hospital admission rates in colder and warmer winters.
